Purpose: To determine the diagnostic capability of low-dose CT (50 mAs) in comparison to standard-dose CT (150 mAs). Materials and methods: Fifty-nine consecutive patients underwent two non-contrast chest CT scans with different current-time products (50 and 150 mAs at 120 kVp) on a 64-detector row CT scanner. Three board certified chest radiologists independently reviewed 118 series of 2 mm-thick images (2 series for each of 59 patients) in a random order. The readers assessed abnormal findings including emphysema, ground-glass opacity, reticular opacity, micronodules, bronchiectasis, honeycomb, nodules (>5 mm), aortic aneurysm, coronary artery calcification, pericardial and pleural effusion, pleural thickening, mediastinal tumor and lymph node enlargement. Five-point scale from 1 (definitely absent) to 5 (definitely present) was used to record the results. The rates of score agreement between two images were calculated. Deviation of one observer's score from other two observers was compared between low dose CT and standard dose CT. Results: Mean agreement rate of the lung parenchymal findings between low dose CT and standard dose CT images was 0.836 (range, 0.746-0.926). Mean agreement rates for mediastinal and pleural findings were 0.920 (range, 0.735-1.000). There was no statistically significant difference in the deviation of the observers' scores between low-dose CT and standard-dose CT. Conclusion: Low dose CT protocol at 50 mAs can produce the screening results consistent with standard dose CT protocol (150 mAs), supporting routine use of low dose chest CT protocol.
Introduction
There is an increasing awareness of the possible adverse effects of diagnostic radiation exposure to the patients, because the medical radiation exposure has grown significantly as we utilize medical imaging more often. CT examinations account for majority of radiation exposure related to medical imaging [1, 2] . Considering the possible adverse effect, the practice of keeping radiation dose as low as reasonably possible (ARALA principle) should be observed in medical imaging involving ionizing radiation.
As CT is a major cause of radiation exposure buildup, low dose CT techniques is advisable unless it affects management decision. However, replacing a conventional chest CT routine protocol with a low-dose protocol is not a simple task, mainly because of the concern that the image quality degradation might make the correct recognition of findings difficult and consequently influence the diagnostic conclusion. Although there are several studies that assess the efficacy of low-dose CT protocols for various purposes, the evidence that standard-dose CT protocols can be routinely substituted for by low-dose CT is lacking [3] [4] [5] . To facilitate the use of low dose chest CT, adequacy of a low dose CT protocol as a routine protocol needs to be confirmed. Direct comparison of the detection rate of several basic lung abnormalities between the low dose CT and standard dose CT will provide the useful data regarding the diagnostic accuracy of low dose CT examinations.
The purpose of this study is to determine whether it is reasonable to accept a 50 mAs chest CT protocol as a routine protocol for general purposes.
Materials and methods

Study approval
Approval for this study was granted by our Institutional Review Board. The data collection and review of the medical record and image data, was conducted according to the protocol that is authorized by the review board.
Study subjects
59 consecutive patients who underwent non-contrast chest CT were prospectively enrolled in the study. The patients less than 50 years old were excluded, as cancer risk related to ionizing radiation exposure is relatively high in younger population.
The patient enrollment was conducted, in compliance with the study protocol authorized by the Institutional Review Board. One of the authors (TK) explained the purpose of the study and the risk that may be associated with participation of the study to all subject candidates in the study. The patients had opportunity to read a document on detailed study plan. They were informed of their rights to opting out from the study without any possible disadvantage in their care. A written informed consent form signed by the subject was obtained from all patients who agreed to take part in the study.
Study population
The subjects who opted to participate in the study consists of 51 white Americans, four Asian Americans, two African Americans, two Hispanic Americans. The subjects consist of 32 female and 27 male patients with a mean age of 69.6 years. The body weight of the patients was 75.6 ± 19.7 (mean ± SD). The body mass index of the patient was 27.3 ± 6.9 (mean ± SD), ranging from 15.5 to 46.2. The study population included 35 smokers. The patients had an average of 17.3 pack-year (range, 0-90) history of smoking.
The patients underwent CT examinations for the evaluation of known lung nodules (22 patients), evaluation of suspected lung lesion(s) discovered on chest X-ray (17 patients), interstitial lung disease (5 patients), suspected pleural or pericardial abnormalities (4 patients), screening for lung lesion (4 patients), evaluation of pneumonia (3 patients) and other miscellaneous reasons (4 patients).
CT scanning protocols
All CT examinations were performed on a 64 detector-row CT scanner (Aquilion 64; Toshiba Medical Systems, Otawara, Tochigi, Japan). Patients participating in this study underwent two helical scans successively. Each scan was performed with a single breath hold using the same scan parameter, except for mAs settings (50 mAs for low-dose scan and 150 mAs for standard-dose scan). Other scan parameters were the same for both scans: peak tube voltage of 120 kV, gantry speed of 0.5 s per rotation, slice collimation 0.5 mm × 64, table feed 53 mm/s, pitch factor 0.828. Weighted CT dose index (CTDIw) was measured for axial scanning (64 × 0.5 mm detector configuration), using 32 cm acrylic dosimetry phantom and 100 mm ionization chamber.
Image preparation
A series of contiguous 2 mm-thick images was reconstructed from each of two raw data sets (150 mAs and 50 mAs) using a standard lung reconstruction algorithm (FC 51, Fig. 1 ). The images were anonymized by removing all the patient-specific data. The scan parameters were deleted from DICOM files for blind interpretation using PACS (Picture Archiving and Communication Systems) viewers. 118 image series, consisting of 59 low dose images and the same number of standard dose images were arranged in a random order. The representative images are presented in Figs. 1-5.
Image interpretation
The CT image data were interpreted by three readers (Y.O., K.H and H.H.) who have more than ten years' experience as thoracic radiologists in there different countries (Germany, Japan and united states of America). The 118 image series were presented to the readers in a random order and the readers were blinded to the patient information and scan parameters which they interpreted. The images were viewed on a PACS viewer (TPC-7200G3, Toshiba Medical Systems, Otawara, Tochigi, Japan). The presence or absence of abnormal CT findings were recorded using a five-point CT finding scale (1, definitely absent; 2, probably absent; 3, equivocal; 4, probably present; 5, definitely present). Mediastinal and pleural findings evaluated in this study include aortic aneurysm, coronary artery calcification, pericardial effusion, pleural effusion, calcified pleural thickening, non-calcified pleural thickening, mediastinal tumor, lymph node enlargement. Lung parenchymal findings evaluated in this study include emphysema, ground-glass opacity, reticular opacity, micronodules, bronchiectasis, honeycomb, nodules larger than 5 mm.
The readers viewed five selected images to find lung parenchymal abnormality except for nodules. For these abnormal findings, the readers filled in one score each for five selected images.
The slice level for evaluation of these findings were selected by one of the author (T.K.), prior to the reading experiment at five image slices at apices, at aortic arch level, at carina level, at inferior pulmonary vein level and at hepatic vein level. The readers were instructed to read the five image slices first, according to table where image locations to be evaluated were designated. Then, readers viewed all lung images to detect lung nodules larger than 5 mm. A detected nodule was recorded according to the selected five image levels closest to the nodule. Then, readers read through soft tissue images to look for mediastinal and pleural abnormalities. The readers provided one score for these abnormal findings. Finally, the image quality at the level of carina was recorded by the readers a using five-point CT image quality scale (1, excellent; 2, good; 3, fair; 4, poor; 5, non-diagnostic).
Statistical analysis
An agreement rates of the CT abnormal finding scores are defined as a number of cases with the identical score for both low dose CT and standard dose CT images, divided by the number of cases (n = 59). To evaluate the difference in the CT scores between the low dose and the standard dose CT, a reader's score results were compared with the scores recorded by other two readers for standard dose CT. Specifically, the mean scores of the other two readers were used as benchmarks for the evaluation of the difference between two images. The score deviation of a reader from the other two readers is defined as the reader's score (low dose CT or standard dose CT) minus mean of the standard dose CT scores by the two other readers. For example, score deviation for reader 1 is calculated as follows:
(deviation for reader 1) = (score of reader 1) − (standard dose score of reader 2) + (standard dose score of reader 3) 2
The score deviation values of 59 patients and three readers were calculated for all image locations, CT findings and CT image types (low dose or standard dose).
The differences in the score deviations and the image quality between low dose CT and standard dose CT were evaluated with Wilcoxon signed rank test. The difference of scores was considered significant when p value was less than 0.05.
Results
Radiation dose measurement
The weighted CT dose index (CTDIw) was 5.36 mGy for low dose (50 mAs) scans and 16.1 mGy for standard dose (150 mAs) scans. Assuming that the length of the scan is 30 cm, estimated effective dose was 3.57 mSv for low dose CT and 10.7 mSv for standard dose CT.
CT abnormality scores
The CT scores recorded by the readers for five images were summarized in Table 1 . Three readers recorded five CT scores of lung parenchymal abnormality for 59 cases. As a result, there were 885 (n = 3 × 5 × 59) scores for each lung abnormal finding. For mediastinal and pleural findings there were 177 (n = 3 × 59) scores for each finding. All the scores for honeycombing by three readers were 1 (definitely absent) for standard dose CT images. It was impossible to evaluate the diagnostic accuracy of honeycomb because it is detected too infrequently in the selected images taken from current study subjects. Therefore, the scores of honeycomb were not used for further analysis.
The agreement rates for lung abnormal findings are summarized in Table 2 . Mean agreement rate of the lung parenchymal findings was 0.836 (range, 0.746-0.926). The agreement rate for aortic aneurysm, coronary artery calcification, pericardial effusion, pleural effusion, calcified pleural thickening, non-calcified pleural thickening, mediastinal tumor and lymph node enlargement were 0.943, 0.881, 0.966, 0.977, 0.735, 0.943, 1.000 and 0.915, respectively. Tables 3 and 4 summarize the score deviations of three readers for lung parenchymal findings and mediastinal and pleural findings, respectively. There were no significant difference between the scores for standard dose CT and low dose CT for all lung parenchymal, mediastinal and pleural findings.
Image quality
The image quality score recorded by three readers were summarized in Table 5 . Mean image quality scores for soft tissue images were 4.38 and 3.69 for standard dose CT and low dose CT, respectively. Mean image quality scores for lung images were 4.28 and 3.66 for standard dose CT and low dose CT, respectively. There were statistically significant difference between the image quality scores of standard dose CT and low dose CT images in both soft tissue images and lung images (p < 0.001). Emphysema  320  11  3  0  551  274  26  1  7  577  Ground-glass opacity  347  34  4  10  490  309  44  17  17  498  Reticular opacity  378  30  11  4  462  342  24  11  0  508  Micronodules  245  18  2  0  620  193  14  0  1  677  Bronchiectasis  276  18  2  4  584  238 
The sums of the numbers by three readers are shown in this table. The numbers for the lung abnormalities appearing in this table are the total of numbers at five image levels. An agreement rate is defined as a number of cases with the identical score for both low dose CT and standard dose CT images, divided by the number of cases (59). The score deviation of a reader is defined as the reader's score (low dose CT or standard dose CT) minus mean of the standard dose CT scores by the two other readers. * Wilcoxon signed rank test. The numbers for scores in this table are the total of numbers by three readers.
Discussion
The result demonstrated that comparison of the interpretation results did not reveal any significant difference between the low dose CT images and standard dose CT images, suggesting that the image interpretation results of low dose CT are comparable to that of standard dose CT images.
Medical imaging has become a significant source of radiation exposure. In the developed nations, the contribution from medical imaging can be greater. In the United States, medical radiation exposure is reported to have exceeded natural background radiation from environment [6] . If we leave this upward trend unchecked, we will take a risk of increase in malignant disease in the future. Prevention of further expansion of medical radiation exposure is necessary. Growth of medical radiation exposure is largely attributable to the increase in the number of CT examinations [7] . The increase is due to excellent image quality of state-of-art CT scanner and also thanks to improved availability of CT examinations, which has been made possible by advent of high performance scanners. There is an argument on the possible overutilization of CT examinations [8] . Hence, efforts should be made to use CT examinations wisely for patients who are expected to benefit substantially from the examination. Nevertheless, it is true that the application of chest CT examinations is expanding and decreasing low-yield CT requests is not a simple task. Therefore, the further efforts to reduce the radiation dose in individual examinations are critical. For that purpose, evidences to support the use of low dose CT protocol for more general purpose are required.
There are several investigations on the radiation dose reduction for specific abnormal findings including pulmonary nodules [9, 10] , emphysema severity [11] [12] [13] and bronchiectasis [14] . There are also several studies on the radiation dose reduction for CT pulmonary angiography [15] [16] [17] . Other studies focus on specific clinical situations, rather than on individual abnormal findings. Follow-up studies of oncology patients using low dose CT has been investigated [18] [19] [20] , which showed detection of abnormal findings using low dose CT being comparable to standard dose CT. There were also reports in which diagnostic efficacy of low dose CT was examined for more general purposes. Two studies showed no statistically significant difference in the detection of abnormalities between standard-dose and reduced-dose CT [21, 22] . Takahashi et al. showed no significant difference in the detection rate of lung abnormalities between 250 mAs and 50 mAs images. Mayo et al. reported that the 20 mAs images may be acceptable for the interpretation of lung images. On the other hand, Mayo et al. reported significant difference in accuracy of lung findings in both 40 mAs and 100 mAs images, compared with conventional tube current images [23] .
The current lack of generally accepted low dose protocol for routine CT limits the use of low dose technique to selected conditions. The purpose of this study is to determine whether it is reasonable to accept a 50 mAs chest CT protocol as a routine protocol for possible lung parenchymal abnormality. The current study revealed no significant difference in score deviation between two images. It also showed high agreement between low dose CT and standard dose CT in CT abnormality score. At the same time, the study showed that the image quality is decreased by the reduced radiation exposure. Therefore this study showed the possibility that the low dose CT (50 mAs) can produce interpretation result comparable to standard dose CT (150 mAs) in routine chest CT, despite the image quality degradation.
The score deviation of one reader from those of two other readers showed no statistically significant difference between the low dose CT images and standard dose CT images. Both low dose CT and standard dose CT scores of one reader are compared against the other two readers' score for standard dose images. Suboptimal quality images supposedly may make it difficult to discover subtle abnormality or, conversely, may give readers false impression of the lesions that are not actually present, which might enhance or reduce the score deviations. The lack of difference in score deviations between two images supports that the diagnostic results of the low dose CT images are not affected by the image quality degradation due to radiation dose reduction at 50 mAs.
Mediastinal and pleural findings showed high agreement rate (range, 0.735-1.000), with the lowest rate being for non-calcified pleural thickening. Consistent identification of thin localized noncalcified pleural findings might have been challenging task for readers. Mean agreement rate of the lung parenchymal findings was 0.836 (range, 0.746-0.926) and generally lower than those of mediastinal and pleural findings. The agreement rate for bronchiectasis was the lowest rate (0.746). This may be partly because of the effects of cardiac motion on the appearance of bronchus were different in two separate scans.
This study confirmed that there was noticeable image quality degradation. Theoretically, increase in noise and streak artifacts in low dose CT will invariably lead to image degradation to some degree. The least current time product for acceptable images cited in the reports varies form 13-140 mAs [22, [24] [25] [26] [27] , probably depending on the criteria of image quality. This study indicates that image quality degradation is evident at current-time product of 50 mAs for readers and also confirmed that the diagnostic accuracy can be preserved even with noticeable image quality degradation.
The results from the current study demonstrated that fundamental lung parenchymal and soft tissue abnormalities which radiologists are expected to detect on CT images can be evaluated appropriately using a low dose CT protocol. This study assessed not only lung parenchymal findings but also mediastinal and pleural findings. For lung abnormalities, it is not practical to test the diagnostic accuracy of whole gamut of lung abnormal findings. Therefore, the study is planned to cover those essential lung parenchymal abnormalities which in combination may make up more complex patterns. The evaluated lung findings cover the all types of manifestation of lung abnormality on CT, i.e., area of hazy parenchymal increased opacity (ground-glass opacity), decreased opacity (emphysema), localized nodules (>5 mm) or micronodules (<5 mm), irregular combination of linear opacities (reticular opacities), sequel of fibrosis or other destructive process (honeycomb) and increased airway caliber (bronchiectasis). The lack of significant difference in the interpretation results in this study suggests that readers can identify the findings in the lungs, mediastinum and pleura on low dose CT as correctly as on standard dose CT.
We did not measure the final outcome, i.e., diagnosis or clinical decision, but it seems reasonable the result interpretation with a level of confidence can be a surrogate marker of diagnostic accuracy. Therefore, the results of this study implies that low-dose technique of current-time product of 50 mAs produces acceptable images which allow radiologists to discover the abnormal findings as confidently as with standard 150 mAs CT scans. The result supported that low dose CT images can be used to assess those CT image findings, suggesting the feasibility of low dose CT application for general screening purpose, not only for examinations performed for a specific purpose.
There are limitations to this study. First, we have chosen five images to look for lung parenchymal abnormality except for nodule measuring 5 millimeters or larger. The slight shift of patient position between two scans may make it hard to detect the same abnormal findings consistently on the same level, which may have lowered the agreement within readers. However, there are drawbacks to the whole lung evaluation for comparison of two images. It is hard to keep scrutinizing all the potential variation from normal anatomical structures. Subtle abnormality probably frequently missed by the readers, possibly underestimating the diagnostic accuracy of low dose CT images. Also, if the whole lung is reviewed for abnormalities, there is no guarantee that the same structure is identified as abnormal in two images. Therefore, in this particular study, we chose to use selected images to gauge the accuracy of interpretation. The second limitation to this study is that we were unable to assess the diagnostic accuracy of honeycomb, because almost no case was judged to have honeycomb at the selected image levels. The recognition of honeycomb is important for the diagnosis of interstitial lung disease as it is a key CT feature for the diagnosis of idiopathic pulmonary fibrosis [28] . However, the identification of two other almost invariable features of pulmonary fibrosis, i.e., reticular abnormalities and ground-glass opacity, were not affected by the low dose CT. Therefore, detection of diffuse interstitial lung disease is possible with low dose CT. The accuracy of classification of interstitial pneumonia using low dose CT might need to be investigated in a population with high prevalence of interstitial lung disease. Finally, lack of objective standard of abnormal findings may be one of limitations. For descriptive CT findings that are assessed in this study, such as ground glass opacities, clearcut gold standard is hard to establish. Therefore, in this study one reader's interpretations were compared using other two readers' CT finding scores based on standard dose CT images as benchmarks. Because the purpose of this study is to detect any degradation of diagnostic accuracy by employing low dose CT instead of standard dose CT, using other two reader's standard dose CT interpretation results should serve as good working standard with which the other reader's results were gauged.
In conclusion, this study showed the feasibility of routine use of low dose CT scan at 50 mAs for evaluation of essential Chest CT abnormal findings. A 50 mAs CT protocol may serve as an adequate protocol for routine chest CT examination not only for lungs, mediastinum and pleura. The result demonstrated that the degradation of image quality can be accepted at this level, without affecting the interpretation result, supporting broader application of low dose CT examination.
Funding
The study was supported by a research grant from Toshiba Medical Systems Corporation. Toshiba Medical Systems Corporation helped organize The International Multicenter Study for Low-Dose Chest CT Examination and Diagnosis (iLEAD) and provided technical support in preparation of reading experiment for this study.
